• MEH-PPV, i.e., poly[2 metoxy, 5-(2'-ethylexyloxy)-l,4-phenylene-vinylene],
• PCBM, i.e., [6, 6] -phenylene C 0 i-bytyric acid methyl ester,
• Phosphate -Glass -C 60 ,
• MDMO-PPV, i.e., poly (2-methoxy-5-(3',7'-dimethylo ctyloxy)-! ,4-phenylene vynilene).
Commonly, they are used for thin films, but they may be also utilized in different devices of nanotechnology as 'small" bars etc.
Prominent special properties are photoinduced electron transfer and photoluminescence coupled with the mechanical properties of polymeric elongated molecules [1, 2, 3] .
When we consider a composite made of fullerenes scattered throughout a matrix, we have a complex material in which every material element can be considered a system, a "box" containing one or more fullerene molecules, in general a family. Moreover, when the matrix has polymeric structure, the picture of the material element becomes more articulated because families of polymeric molecules are mixed with the fullerene structures. An appropriate continuum model of such a material cannot consider only the deformation due to the change of relative placement between neighboring material elements; we should consider in addition what happens within each material element. To this aim we introduce a coarse grained morphological descriptor (order parameter) of the substructure induced by the macromolecular nature of the material element. In this way we put ourselves in the general setting of multifield theories describing the influence of material substructure on the gross mechanical behavior of bodies [4, 5, 6] . By following the general framework of multifield theories we need basically to select an order parameter, an explicit form of the free energy, and a dissipation pseudo-potential when we deal with irreversible processes (a circumstance not treated here). Various choices can be made in the case treated here.
1. Since fullerene molecules are characterized by hexagonal or pentagonal symmetries, they may induce quasi-periodic structures within the body, then the propagation of elastic waves may be correctly described taking into account not only phonon degrees of freedom (the standard ones of elastic waves in perfectly crystalline materials), but also of phason degrees of freedom like in quasicrystalline materials. The latter ones are described by a "microdisplacement", i.e., a vector attached at each point X describing the local rearrangement between fullerene molecules and matrix to restore periodicity.
2. We may also consider as a prominent feature the circumstance that the fullerene macromolecules have a stiffness different from the one of the surrounding matrix, so that we may select as order parameter a second order symmetric tensor. It describes at each point X the possible independent deformation of every family of fullerene molecules, within every material element, with respect to the matrix.
3. If we put attention on the property of polarizability, as it occurs in presence of polymeric matrices, a natural descriptor of the substructural state is the vector of polarization.
4. If one considers strictly only the polyedral structure of fullerene molecules, by following a conjecture of Sir Michael Atiyah (see, e.g., [7] ), we may select as morphological descriptor an element of U(w)AJ(l)", where n is the number of atoms of the typical molecule, and U(«) -is the group of unitary «x« matrices.
The elements of U(/i)/U(l)" are n orthonormal vectors in C", defined up to a phase (see [7] ).
5. We may finally use a spinor representation of each macromolecule.
Other choices can be adopted in principle. We work below on item 2 because in this way (i) we may suggest a manner to obtain explicit constitutive relations from lattice models, and (ii) we may put in evidence the possible occurrence of strain gradient effects in these exotic composites. We then associate to every material element its place in space and a second order tensor A describing the independent deformation of the fullerene molecules. In writing the external power of interactions, acting on an arbitrary part of the body, we account for the presence of fullerenes by taking into account interactions that measure the extra power developed in the time rate of A and satisfy appropriate balance equations. When the fullerene molecules are semi-dense, they can deform independently with each other; in contrast, when they are dense, they may generate gradient effects of macroscopic strain because of the presence of a natural internal constraint that makes their presence "latent".
We obtain constitutive equations from a lattice model of the material element, using an identification based on an equivalence between the discrete and the continuum in terms of power. The resulting explicit expressions of the constitutive equations depend on some internal lengths describing the dimensions of the fullerenes and the distance between neighboring molecules Motions are then defined by time-parametrized families x t and A, and we write x(X, t) and A(X, t) to indicate the current place and the current value of the order parameter at t. Rates in their Lagrangian description are indicated by v(X, t) and V(X, t). Among possible different rates of A, an important role is played by the one, indicated with V R , which can be obtained by evaluating the action of the special orthogonal group SO(3) over Sym. We then have V R = Aw, where w(t) is an arbitrary rotational rate and the third order tensor A is given by A,j k = β,,ιΑιι,-Α,ιθρ with e being the Ricci 's permutation indicator.
We call part of B any regular subregion b of it with non-vanishing volume measure and use the notation < g > 4 and < g >afc to indicate the integrals over b and its boundary db, respectively, of the mapping g, defined over B and taking values in a linear space.
Interactions arise between material elements and are of standard and substructural nature. They are represented by the vector b of bulk forces, the Piola-Kirchhoff stress tensor T and the microstress tensor S measuring contact interactions between neighboring material elements associated with the rate of A. They satisfy the standard balance offerees and the (non-standard) balance of couples given respectively by 0,
(see [6] ) where A T means that Ajj k becomes (A 
while, from (2), thanks also to (3), one obtains 
then, one gets from (4) A T (DivS-Z) = 0, i.e., DivS-Z = 0.
A priori constitutive restrictions can be derived from a mechanical version of the second law of thermodynamics, stating that the difference between the rate of the free energy (whose density is indicated by ψ) and the external power is lesser or equal to zero for any choice of the rates involved and for any part b,
i.e., <ψ>· Α -<Τ·Ρ' + Z-V + S-VV > ft < Ο ,
where the dot means derivative with respect to time.
We assume first that ψ has the structure M/ = v|/(F,A,VA), (8) and, then, that analogous constitutive structures are admitted by the measures of interaction, namely T=T(F,A,VA), Z=Z(F,A,VA), S=S(F,A,VA).
By developing the time rate of (8), the validity of the dissipation inequality (7) for any choice of the rates involved in it implies that Τ = 0 Ρ ψ;Ζ = 0 Α ψ ; 8=9ν Α ψ.
Once the expression of the free energy is chosen, the constitutive structure of the measures of interactions follows. In the following we restrict our attention to the elastic behavior, then substitute the free energy with 
where C, DI, D 2 are fourth-order tensors and D 3 is a sixth-order tensor.
CONSTITUTIVE PRESCRIPTIONS FROM LATTICES
We identify the explicit expression of the constitutive tensors in (11) from a complex lattice by means of an identification procedure based on an equivalence in terms of power, following suggestions of [7] . We consider a complex two-level periodic lattice with characteristic cell shown in Figure 1 . The cell is the "model" of the material element and through the identification procedure we attribute all the properties of the cell to every point in B. The complex lattice is made of two superposed lattices connected by elastic links: the first one made of material points (the black spheres in Fig. 1 ) the other one by four sub-lattices. In the whole cell the links can carry only axial forces and we write t for the interactions in the first lattice (links between black spheres), t° for the interactions between the two lattices (diagonal links), t* for the interactions between sub-lattices, t* for interactions in each sub-lattice. We also indicate by ij,... the placements of the black 
where F RV E is the volume of the smallest convex region containing the cell. To find explicitly the constitutive tensors we need (i) to express the A's in terms of Vu, A and VA and (ii) to assign some constitutive relations for the t's. For step (i) we assume that the first lattice (the one made of black spheres in Figure 1 
where x' is an arbitrary point chosen appropriately in the cell. The constitutive tensors depend on the mechanical properties of the lattice (the K's), at least as regards the linear approximation, and the geometry of it.
Formulas (16)-(19) permit the development of concrete algorithms for computations that could show the influence of the presence of the fullerenes on the macroscopic strain, generating possibly strain localization zones when the matrix of the composite is softer than the fullerenes.
